potentially, all mobile DNA insertions that create signifiThe successful clones have subsequently been concant fitness increases can be detected, rather than firmed to have a fitness advantage relative to the promerely the one creating the greatest fitness increase genitor strain. In experiments in shaking culture, we (which would have been detected had the most advantafind that advantageous insertions usually fall in opergeous clone been allowed to spread to fixation). ons required in the pathways creating flagella. The Single clones sampled from the final populations had method allows a rapid genome-wide screening for adtheir DNAs extracted, which was digested, electrophovantageous insertions in arbitrary environmental conresed, Southern blotted, and probed. DNAs were also ditions. It allows investigation of the extent to which digested, ligated into pBR322, and PCR amplified using transient mutations generating environment-depenprimers from the plasmid and from the IS10R termini. dent selective advantages may help to explain the perThe sequence obtained was used to screen the E. coli sistence of mobile DNAs in primarily clonal organisms, K-12 genome sequence [6] and the gene knocked out such as E. coli.
in the ing flagella have an advantage in liquid culture [7] . This suggests that our insertion mutations are truly advantaSupplementary Material available with this article online.) Some of these genes have been identified as corregeous, rather than representing rare sites in which insertions are neutral. Furthermore, it would suggest that this sponding to the strong restriction fragments identified on the Southern blots. There are ten such genes in the advantage is not the result of the paralysis of the flagella in the starting bacteria. To confirm that the insertions kanamycin experiments, and eleven in the chloramphenicol experiments, and all six of the genes detected in truly are advantageous relative to the starting strain, we competed clones derived from the end of the experiment both experiments are included. Among the genes detected as having insertions, 17, including all six detected against the progenitor clone, W3110, in the same environmental conditions as were used in the initial experiin both the kanamycin and chloramphenicol experiments, are in operons required for the production of ments, save for the absence of the antibiotic in this test (since this would kill the progenitor). Earlier results [8] flagella. Electron micrographs of the progenitor cell W3110 showed it to possess flagella, although these indicate that in the absence of antibiotic, the insertion elements used are approximately selectively neutral. appear to be paralyzed, the cause of which is unknown. A clone from the final generation with a mutation in the The results shown in Table 1 The tested b2461 and yjhS clones were sampled randomly from the final generation of a chloramphenicol an insertion in b1478, which retains flagella but which Table 1. proteins whose genes are disrupted in these experiments are shown on Figure 3 .
Electron Microscopy
This method could potentially be applied to E. coli are sometimes advantageous [9] . While E. coli in the
